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PURPOSE AND DISCLAIMER

These New Pest Response Guidelines provide information concerning
actions for mitigating the impact of any of the viruses of the
family Potyviridae.

It is to be used as an aid for States when developing State action
plans. The procedures described in this New Pest Response
Guidelines were developed by Plant Protection and Quarantine
(PPQ), Program Review and Planning (PRP) Staff through discussion,
consultation, or agreement with other Animal and Plant Health
Inspection Service (APHIS) staff, the Agricultural Research Service
(ARS), and University advisors.

This document is not intended to be complete and exhaustive. The
information given herein was taken from some of the available
literature and synthesized into a specialized paper intended to
assist further work, as stated above. Some key articles were not
available at the time this was written, nor have all pertinent
specialists and other members of the research community been
consulted for their advice.
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GENERAL INFORMATION

The information contained in this document is intended for use
as guidance in designing a program to detect and respond to an
infection of a Potyvirus (PotyV) of quarantine significance.
These New Pest Response Guidelines provide information on
implementing detection and control procedures for any of the
Potyviridae and in reducing or suppressing spread to other
locations. It provides technical and general information needed
to implement any phase of a Potyvirus detection, control,
containment or eradication program. Specific emergency program
action must be based on information available at that time.

The following steps should help serve to initiate program
efforts and to keep in mind throughout the beginning stages.

Step 1l--Identification and Detection:

It will be most important to determine the identification and
detection procedures that will be used throughout the program.
Options that may be employed are given under Identification
Procedures and Addenda 4 and 7 of this document.

Step 2--Scoping the Problem:

It will be necessary to determine the extent of the infestation
and the difficulties faced by program managers through a good
survey and a determination of the biological (see Addendum 7,
Life History) and practical realities in advance of any active
program to control, suppress, or eradicate a given PotyV. In
this light, the kind of vector is important, i.e., if it is an
aphid, a whitefly, a mite or a fungus, and its mode of
transport.

Step 3--No Action to Eradication:

The effectiveness of the various control options must be
considered, including regulatory action (see Regulatory
Procedures), available options for control cr suppression of the
vector population, and destruction or treatment of the hosts
(see Control Procedures and Addendum 5). From this information,
and in the light of available information ard resources, a
decision must be made to either take no action (a program is
impractical), or to control, suppress, or eradicate the viral
population, if possible (see Control Procedures, Selection of
Options and No Action for decision options).

Potyviruses are the largest and economically most important
group of plant viruses. A number of viruses could cause serious
economic problems if they become established in new areas. This
includes Plum pox virus and Potato virus Y - the necrotic
strain. Others which could become serious zre Barley yellow
mosaic virus and Barley mild mosaic.

1.1
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General Information

PotyV are rod shaped viruses characterized by flexuous,
filamentous particles approximately 680-900 nm long and
10-13 (usually) or sometimes 15 nm wide. All potyviruses
induce characteristic cytoplastmic inclusions in their
hosts. Their distribution is world wide. PotyV are spread
through the intervention of vectors and many are spread
through seed transmission. The vectors are aphids,
whiteflies, mites, and fungi.

Vector development is temperature dependent. Egg, nymphal, and
adult development of arthropod vectors are influenced by the
air temperatures. Development may also be influenced by the
host. There is a minimum threshold below which no measurable
development takes place.

For Green peach aphid, Myzus persicae (Sulzer) which has been
chosen as an example, this threshold on Solanum tuberosum L.
(White potato - chosen because this potato stock is common in
the United States) is 39.2 °F (4 °C %1 °C) in air (Whalon &
Smilowitz, 1979). A temperature model that is designed to use
modified air temperature data for all arthropod stages can be
used to predict the entire life cycle. A number of degrees
accumulated above the developmental threshold for a life
stage are called day degrees. One day degree is one day

with the average temperature one degree greater than the
threshold for development.

For the model depicted in the table below, 265.60 day degrees in
Fahrenheit (129.78° + 11.66° in Celsius) must be accumulated
before one life cycle has been completed (Komazaki, 1982).

Day Degree Calculations

Formula:
Minimum Maximum Average Day
Daily Daily Total Daily Threshold Degrees
Temp °F + Temp °F = Temp °F = Temp °F - Temp °F = # of DD

2
Example: (Air Temperature Model with 39.2 °F Threshold on potato)
Minimum Maximum Average Day
Daily Daily Total Daily Threshold Degrees
54 °F + 74 °F = 128 °F = 64 °F - 39.2 °F = 24.8 DD

Other vectors may have different thresholds. Fungal vectors may
follow general development of the host plant and the guidelines
given here are not applicable.

PRP
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Program actions are governed .in part by vector life cycle
data. Control and/or eradication treatments, length of
survey activities, and regulatory functions are affected
primarily by the length of time it takes for a vector to
complete its life cycle.

Temperature data are available from the National Oceanic
and Atmospheric Administration, the U.S. Department of
Commerce, private, State, university, or industry sources,
or from remote site weather monitoring stations run by any
of the above. Unforeseen delays in completion of the life
cycle must be anticipated.

1.3
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IDENTIFICATION PROCEDURES

Correct and proper identification is the key to determining if
any program will be attempted at all, and if so, the extent,
direction, and magnitude of the program. It will also help
determine program changes and program failures, and in the latter
case, the decision to discontinue a program will very likely be
due to a determination that program efforts sre not succeeding,
based on identifications of perceived viral spread and/or finds.

General Description of the Potyviridae:

Rod-shaped plant viruses with flexuous filamentous particles

680 - 900 nm in length which cause the formation of unique
pinwheel shaped cytoplasmic inclusions in plent tissues when
viewed in transverse sections and as bundles in longitudinal
sections. The inclusions are cylindrical, conical, or ellipsoid
hyperboloid in shape when viewed in 3-dimensions. Potyviridae
are also identified by the "potybox" motif, the 12-nucleotide
conserved sequence (TCAACACAACAT) or 5’ non-coding and non-
structural protein sequence, which is unique for this family.

Inclusions:

The inclusions consist of a central tubule with 5-15 plates or
lamellae attached. The lamellae consist of & single virus-coded
protein of M;66-74.000, having a lattice with a periodicity of
c. 5Snm.

There are several characteristic structures, although inclusions
are constant for individual viruses in different hosts and this
fact may help in the specific identification of a virus.

® Some inclusions are rolled to form scrolls
(Type 1).

® Others are stacked in flat layers to form laminated
aggregates (Type 2).

® Others are a combination of the above (Type 3).

® Some have predominately short curved laminated
aggregates (Type 4).

¢ Some are of a crystalline nuclear nature,
consisting of equimolar concentrations of two
virus-encoded proteins of M,. These are c.49k (a
polyprotein proteinase and VPg) and c.58k (probably
an RNA-dependent RNA polymerase).

® Some consist of non-crystalline amoiphous
inclusions of one protein of M;53-58k. This is
serologically related to, and possibly an
aggregated form of helper component protein,

2.1
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Particles:

Potyviruses have slightly flexuous filamentous particles 11-13
(usually) rarely 15 nm in diameter. Those transmitted by:

1. Whiteflies are mostly 900 nm long.
(Unassigned - 1)

2. Aphids are mostly 750 nm long.

- (Potyvirus; Unassigned - 2 )

3. Mites are mostly 700 nm long.
(Rymovirus; one Potyvirus)

4. Fungi are mostly either 275 or 550 nm long.
(Bymovirus)

The particles contain roughly 95 percent protein and 5 percent
nucleic acid. The capsid proteins consist of a single
polypeptide, usually of M, 32-36000. The coat proteins each
contain about 300 amino acids. The protein helix has a pitch of
3.3-3.4 nm and there are 7.7 subunits per turn. The polymerized
protein of PotyV reassembles with viral RNA into short filaments,
but alone into long flexuous stacked discs or rings.

The monopartite potyviruses contain a single stranded positive
sense RNA genome of M;3.0-3.5x10° (8.8-10.25 kb) which is
polyadenylated (20-160 adenosines) at its 3’ terminus and with a
virus protein (VPg) covalently linked to the 5’ terminus.

The bipartite genome of the fungal-transmitted viruses has an
RNALl of 2.6x10° (7.6 kb) and an RNA2 contained within the shorter
particles with a size of 1.5x10° (3.6 kb).

PRP
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Figure 2: Typical Plum pox virus spots on apricot stones
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Figure 3: Plum pox virus symptoms on plums

Figure 4: Plum pox virus symptoms on peach

PRP
2.4 08/94-01




Jdentification Procedures Potyviridae

Figure 5: Inclusion bodies induced by Plum pox virus infection
in sour cherry cells

Figure 6: Virus particles of Plum pox virus
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Figure 7: Inclusion bodies induced by Iris mosaic virus, Bearded
iris strain, infection, in blackberry lily cells

Figure 8: Virus particles of Iris severe mosaic virus, Bearded
iris strain

PRP
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Collection As many specimens as possible of suspect samples are to be
of Specimens collected for screening/identification by the local designated
identifier.

Preservation and Shipment of Samples:

The following procedures were developed for the Canadian/U.S.A.
PVY" Management Plan. In general, this may be followed for leaf
samples. Different procedures may be necessary for other plant
parts and for vectors. Field procedures may also differ
depending on the identification technique used.

Instructions for the Preservation and
Shipment of Leaves for Laboratory
Diagnosis of PVY"

® The normal sample size per plant is the terminal three
leaflets, attached (and should remain connected) to the
petiole of a compound leaf from the upper portion of the
plant. However, if the leaflets are less than &4
centimeters (cm.) long, the number cf leaflets collected
(still attached to a single petiole or stem) should
increase in compensation to provide a total tissue mass
equivalent to three leaflets 4 cm. in length. If this
cannot be done, then take the whole compound leaf.

¢ The leaf samples should be bagged in composites of 100.
Loosely folding over the opening of the bag and stapling
shut is a good way of sealing the bzg. The bag should
not be sealed air-tight, particularly if it is warm or
damp; if necessary make breathing hcles.

¢ The leaf samples should be cooled (BUT NOT FROZEN) to
5° C as soon as possible. This should be done within
hours of picking (particularly on werm days). If
ice-packs (-15 to -20° C) are used, they should be
insulated with two or three layers cf paper or other
packing material and be placed in tte middle or top of
the cooler. Two 6" x 6" ice-packs per cooler are
usually sufficient. Avoid packing the leaves too tight.

o If the leaves are to be shipped to the lab by courier,
the leaves should be held overnight in a refrigerated
storage. For shipment, the bags of leaves should be
packed loosely in styrofoam containers and placed in
cardboard boxes. An ice-pack shoulc be included, but it
should be sufficiently insulated with paper so as not to
freeze any leaves.

® A complete list of contents should bte placed on the top
of the samples or with the bill of lading (if an
overnight courier is used) and signed (if possible) by
the person collecting the sample.

PRP
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Identification Procedures

¢ A field log of sampling dates, samples submitted,
etc. is recommended to assure sample continuity
from the field to the lab.

¢ Shipment of samples should be postponed if it is
apparent that the package will be held in transit
over a holiday or a weekend.

® Regular communication (e.g., phone and/or fax)
between collectors and the destination lab is
recommended in order to optimize the use of
testing resources.

® Initial identification should be confirmed with
more than one technique. If confirmatory testing
after screening test is to be performed at
another laboratory, the leaf samples should be
placed in good quality paper bags, then packed and
shipped as above.

The identification technique(s) used for a given program should
should be appropriately sensitive, accurate, rapid, and suitable
for the specific situation. To achieve these ends, any single
technique or combination of techniques may be utilized. In most
cases, initial identification of a possible find should be
followed by specific identification, using a different technique
in order to ensure the accuracy of the process.

Before identification can begin, it may be necessary to assess
the quality of the sample. The following classification scheme
may be used as a guide:

Good - Sample tissue contains no broken-down tissue
and entire sample is in good condition.

Fair - Sample tissue is almost completely intact with
some breakdown evident.

Poor - Sample tissue contains some breakdown, but
intact tissue is present from each sample
and can be bioassayed.

Very Poor - Sample tissue is largely broken-down with
no intact tissue from each sample. Such
samples should NOT be bioassayed.

The following are various procedures for identification. The
technique selected for a given PotyV may depend on program needs
and goals.

PRP
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Biological Indicators:

Biological indicators may be used for initial identification in
some cases. Sometimes, under limited circumstances, they can be
used to give a specific identification.

Host(s)--Discovery of known symptoms in a host is a good
indicator, especially if the vector(s) is present.

Inclusions--The discovery of characteristic inclusions in
samples of known hosts is also a good indicator.

Light Microscope--The use of a good light microscope to study
and/or confirm any of the above observations, may, under
program conditions, be used to verify finds, if it

is certain that no other viral pest is likely to be

confused with the virus in question.

Advanced Laboratory Techniques:

The following include techniques completed ir. the laboratory.
Unless it is possible to fully verify a find through biological
indicators, one or more of these methods may be used as the final
authority for a find.

Polymerase chain reaction (PCR) and molecular hybridization (MH)
could be used with universal probes to identify potyviridae in
general, or in some cases with a specific prcbe to identify the
virus of concern.

Enzyme-Linked Immunosorbent Assay--This procedure, called ELISA
for short, is currently the easiest detectior. method for most
potyviruses. A sample of the plant part most likely to contain
the virus must be collected from hosts, especially from parts
showing suspect symptoms, and sent to the lat, with full
collection data (Klein & Wyatt, 1989).

In general, a small sample of the specimen is ground in a buffer
and incubated for a few hours before mixing with a monoclonal
antibody. This is again incubated for a few more hours on a
substrate in a ELISA plate and then diagnosec with the help of a
reader.

In some cases, specimens may have to be growr. for weeks or months
from germplasm to determine the presence of a given virus through
an ELISA test. This particular procedure is not recommended for
a program if samples from suspect host plants can be processed
and determined within a reasonable time frame (Bravo-Almonacid,
et al., 1992).

PRP
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Identification Procedures

Direct Tissue Blot Immunoassay--The Direct Tissue Blot
Immunoassay (DTBI) is an immunoassay technique that utilizes
direct blotting of plant or animal tissue onto nylon (preferred-
Navot, et al., 1989) or nitrocellulose membranes. The assay is
specific, sensitive, reliable, and rapid. Large numbers of
samples may be assayed in this way. The technique precisely
locates any antigens present in plant hosts or animal tissue.

The blots can be carried out in the field with just a few
instructions and then transported to diagnostic laboratories for
processing. Results will still be valid for at least a month
after the sample was taken. Blots can be stored permanently
after processing (Hsu, et al., 1993; Bravo-Almonacid, et al.,
1992).

Field Procedures (Navot, et al., 1989)

Plants - leaves, flowers and other plant parts may be squashed
onto a dry nylon membrane, using a hard object such as a glass
rod or pen. Stems are cut longitudinally or sliced serially from
the apex to the crown and squashed. Fruits are cut open and
imprinted on the membrane.

Insects and Mites - Carry live to the lab for immediate freezing
at -20° C. When frozen, vector bodies may be squashed on a nylon
membrane as above.

Squash-Blot Molecular Hybridization (Bravo-Almonacid, et al.,
1992)--Use of genomic libraries is essential to this technique.
Clones need to be prepared from the samples and double stranded
DNA obtained by plasmid purification and restricted with
endonucleases to liberate the inserts. These are subjected to
electrophoresis in agarose gels and cDNA viral fragments are
obtained. These are in turn purified by electroelution and
labeled with radioisotopes through a random oligonucleotide
priming method. The samples are then subjected to molecular
hybridization. If of the right virus, even a small amount of
suspect RNA equivalent to about 1 ng of virions can be detected
after an 8 hour exposure of membrane to auto radiograph film.
This procedure is therefore more sensitive than ELISA for virus
detection.

Reverse Transcription-Polymerase Chain Reaction--The most
sensitive identification utilizes reverse transcription-
polymerase chain reaction (PCR). This technique amplifies a
specific segment of the virus'’ unique nucleic acid sequence and
makes enough additional copies of it for quick and reliable
detection. Amplification takes only 3-5 hours and the results
are available in a day or two. The following PotyV can be
directly diagnosed by PCR (Becker, 1993):

PPV
PLV

PRP
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Immunodiffusion Test--If antisera for virus identification is
available, virus isolates taken from vectors may be identified
serologically in a sodium dodecyl sulfate solution, in gel
diffusion plates (Adlerz, 1987). It should be kept in mind that
this test is the least sensitive procedure of the advanced
techniques listed here.

Field Procedures (R.P. Singh, 1988)

Collect 500 leaves from each site or 10 woody hosts at each
locality outlined in the survey, in batches of 100. If not
immediately used, store at about 5 - 10° C until time to extract
the nucleic acids.




Survey Procedures Potyviridae

Introduction

Vectors

Detection
Survey

PRP
08/94-01

SURVEY PROCEDURES

The objective of the survey is ‘to determine the extent of viral and
means of viral spread in order to make a regulatory decision (see
Control Procedures, Selection of Options and No Action). Aside
from determining where a local vector(s) may have spread the virus,
human and other natural means of dispersal must also be considered.
Such pathway dispersal must be factored into an active survey if it
is not adequately covered under Regulatory Procedures.

It may first be necessary to determine the local vectors present
for a given PotyV, if this is not already known. Aside from Direct
Tissue Blot Immunoassay (DTBI) from field collected possible
vectors (See II.B.2.b), trials may be necessary to determine local
transmission of the PotyV (i.e., see Webb & Kok-Yokomi, 1993).

This is because DTBI does not confirm vectoring, but only that a
virus reservoir is in the sample. The carrier, in fact, may or may
not, be able to transmit the virus to a susceptible host.

In the meantime, the following parameters shall govern vector
aspects of the survey.

1. If the vector(s) is known and it is determined that no
other vector(s) or suspect vector(s) is present, then the survey
will be based on that vector(s).

2. If a vector(s) is known and suspect vectors are also
present, the known vector(s) takes priority in survey activities
until competent investigation eliminates or confirms one or more
suspect vectors.

3. If a vector is not known, then suspect vectors shall be
monitored until competent investigation eliminates or confirms one
or more suspect vectors.

Once the vectors are verified, they may be rated in effectiveness
(Webb & Kok-Yokomi, 1993). However, since even an inefficient
vector can transmit the PotyV, all vectors must be monitored for
the purposes of an active program.

Cross Transit Surveys are recommended for a rapid detection survey
for a PotyV. This type of survey will also be used in support of a
delimiting survey. The survey proposed here is biased towards the
primary host(s) of concern, and in areas where the PotyV, if
introduced, might be expected first to be found. Owing to the
possibility of air dispersal of the vector, a special survey may be
warranted for certain downwind areas.

3.1
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Survey Procedures

There are three types of areas to cover in this survey:

High Risk Areas:

Major cities and towns where residents and visitors may be
expected to travel to and from areas where the PotyV
already exists.

Windward Areas:

® Those areas where winds may reasonably be expected to carry
the vector(s) from areas where the PotyV already exists.

¢ 1If there is significant wind movement due to low pressure
areas during dispersal stages of a vector, it is possible
that viruliferous vectors from an infected area could be
drawn toward such a system, locally increasing their
density up to the level of inversion close to the cloud
base. A downdraft could deposit these vectors over a
relatively small area a considerable distance from the
infected area. Vectors could also be deposited when winds
die away in the evening.

Provided that such a system was observed during vector
dispersal and noted to rain or disperse elsewhere by
evening, exposed downwind with hosts could be surveyed.
This should be done in 3 to 4 weeks or longer, allowing any
presumed vectors time to settle and develop to the point
where they can be more readily observed by visual survey
and samples for the PotyV are more likely to be positive.
Any effort expended on such a survey should not be at the
expense of regular program needs (APHIS, 1985).

Commercial Host Production Areas:

Those areas where commercial hosts are grown.

When one or more PotyV finds are confirmed in an area, a delimiting
survey should be implemented immediately to determine the
population distribution. Using the site of the detection as the
epicenter (focal point), the survey should employ the following
methods to delimit the prevalence of the pathogen.

PRP
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Survey Area in Square Miles

Core Area: 1 sq. mile

Epicenter: (Focal Point)

1
1 sq. mile

< 81 Square Miles —->

Cross Transit Survey:

Cross Transit Surveys are recommended for a rapid delimination
survey for the PotyV when a find is verified or suspected. The
objective is to find and delimit the infected area in the shortest
possible time with minimum labor and expense but with a high degree
of confidence that, if present, it will be found.

The survey proposed here is biased in the same way as it is for the
detection survey. It is biased towards the primary host(s) of
concern and in areas where PotyV, if introduced, might first be
expected to be found. Owing to the possibility of air dispersal of
vectors, a special survey to track these vectors during the growing
season may be warranted for certain areas.

There are three types of areas to cover in this kind of survey:

High Risk Areas--Major cities and towns where residents and
visitors may be expected to travel to and from areas where
the PotyV already exists.

Windward Areas--Those areas where winds may reasonably be expected
to carry the vector(s) from locations where the PotyV already
exists.

Host Production Areas--Those areas where large numbers of host
material are found, as on commercial nurseries cr farms where hosts
are brought in for propagation and sale, grown for commercial
purposes, or stored for replanting purposes.

PRP
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Block Survey:

If a find is verified and the cross transit survey indicates the
infected area is small and perhaps well defined:

® Conduct a block to block survey in the suburban/urban areas
up to 7.2 km (4 1/2 miles) from each find.

¢ In rural areas, conduct a property by property survey up to
7.2 km (4 1/2 miles) from each find.

® Each block or property can be scored, if PotyV is present
on any combination of host species, as:

--Light PotyV only on one or a few hosts.
- -Medium PotyV on 6 or more hosts.

- -Heavy Entire area with numerous PotyV-infected plant
hosts.

The above will permit survey personnel to more accurately plot
the area, extent, and nature of the infection, taking into
account such variations as host range and availability of
host(s), unequal distribution in infected hosts, and the
influence of temperature (i.e., summer) on the titers
obtained.

Each find may be considered a primary site. A primary site is the
property on which an initial detection of a disease or pathogen
occurs or a potentially infected site within 1 1/2 miles of an
infected property, that is, those host areas within the infected
area.

A satellite site is a potentially infected property more than 1 1/2
miles from any infected property. A satellite site, by definition,
can be anywhere except within the 1 1/2 mile area around any
infected property.

Delimiting surveys will be carried out on all primary sites. They
also will be conducted on satellite sites when there is evidence of
the possible spread of the pathogen to or from the infected
property. The following conditions define those properties that
will be surveyed as satellite sites.

® Any property that has received (within 3 years) propagative
material from an infected property.

® Any property that has been the source (within 3 years) of
propagative material planted on the infected property.

PRP
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Fungal Vectors Only:

Any site from which contaminated equipment may have
originated, or to which contaminated equipment may have
moved, provided conditions suitable for the development of
the fungal vector are or have been present (excluding
decontaminated storage sites).

Any site exposed to infection by the movement of owners,
consultants, and farm personnel.

® Any site to which contaminated soil has been moved.

The frequency of the delimiting survey will depasnd on the time it
takes to cover the area, the resources availablz for repeat
surveys, and if a decision is made to suppress or eradicate the
PotyV involved. A maximum interval should be dstermined by program
managers or based on the results of a review by a technical
committee. In lieu of any decision, a suggested maximum interval
would be 1 month between surveys.

A decision to suppress or eradicate the PotyV will require a
monitoring/evaluation survey to check the PotyV population.
Generally, a cross transit survey would be employed.

New personnel will be trained on the job by experienced personnel.
A period of up to 3 working days may be needed to do this.

Records noting the areas surveyed, sites trapped, dates,
locations, and hosts in which detections were made will be
maintained.
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REGULATORY PROCEDURES

Regulatory actions should be required until tte pest is
eradicated or declared established with no further suppression
or control actions. Officers must follow instructions for
regulatory treatments or other procedures whern authorizing the
movement of regulated articles. Understanding the instructions
and procedures will serve as a basis for expleining such
procedures to persons interested in moving articles affected by
the quarantine and regulations. Only authorized treatment
procedures may be used.

General instructions that are to be followed in regulatory
treatments may be found in State regulatory manuals or in the
PPQ, APHIS, Treatment Manual (PTM).

If a fungal vector is involved, all activities that involve entry
into a field or plot in which the disease is suspected presents a
danger of the inadvertent spread of the disease. To minimize
this possibility, disposable gloves will be used, or hands will
be washed thoroughly with soap and water before leaving each
field or garden. Hands must be washed on site in order not to
contaminate other areas. Rubber boots will be disinfected with
quaternary ammonium (here assumed to have strong inhibitory
activity against PotyV - See Nakajima, et al., 1983) between
gardens or fields. In addition, all tools and equipment that
come in contact with plants or soil will be disinfected between
fields by washing with a quaternary ammonium compound.

A variety of articles may present direct or indirect risks of
spreading PotyV. The movement of these articles will be
regulated to prevent the infection from spreading. Regulated
articles include:

1. Fresh leaves, stems, and tubers of hosts listed in
Addendum 3 which exist in the regulated area (Reeves, 1992; Bell,
1988).

2. Host nursery plants, seeds, tubers, or other material with
or without leaves and stems, including propagative material
intended for planting.

3. Soil and plant products with soil attached, such as those
vegetables considered to be root crops, from within the drip area
of host plants when arthropod vectors are involved and from the
regulated area when fungal vectors are involved.

4, Buildings such as seed houses, storage cellars, and bins
which may have been used for storage of infected plant parts.

5. Bags, tools, farm implements, and vehicles used for
transporting host material, especially if fungal vectors and
under certain circumstances, mite or insect vectors are involved,
as the potential exists for the virus to move with the vector as
well as with host material.

4.1
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6. Manure, if fungal vectors are involved.

7. Any other product, article, or means of conveyance of any
character whatsoever when it is determined by an inspector that
it presents a hazard of spread of the PotyV and the person in
possession thereof has been so notified.

Quarantine Regulatory action will be required if:
Actions
1. A find is detected. When detections are made, the
following steps should be taken:

a. State notifications are issued by field personnel to
the property owners or managers of all establishments
within 4 1/2 miles of the epicenter that handles, moves,
or processes host material which may include material
and/or conveyances capable of spreading the PotyV or the
vector. Notifications will be issued pending
authoritative confirmation and/or further instructions
from the Head of the State Plant Protection Service and/or
the Deputy Administrator, APHIS, PPQ.

b. If necessary, the Deputy Administrator will issue a
letter directing PPQ field offices to initiate specific
emergency action under the Federal Plant Pest Act (7
U.S.C. 150 dd) until emergency regulations can be
published in the Federal Register. For information on
other legal authorities, see Section II, Parts A and B of
the APHIS Emergency Programs Manual (for plant pests).

c. The Head of the State Plant Protection Service and/or
the Deputy Administrator of APHIS will notify other State
cooperators of the PotyV detections, actions taken, and
actions contemplated.

d. A narrative description of the regulated area with
supporting documents should be developed by State
personnel. The regulated area normally will be within an
approximate 4 1/2 mile (mi) radius around the find, and
may contain a 1 sq. mi or greater core area where premises
may be treated.

e. The State may need to publish an interim rule covering
the emergency regulations. The interim rule will announce
a date for submitting written comments.

f. After receipt of written comments, a final
determination specifying the action decided upon will be
published.

PRP
4.2 08/94-01




Regulatory Procedures Potyviridae

Regulated
Establishments

Use of
Authorized
Chemicals

Approved
Regulatory
Treatments

PRP
08/94-01

Efforts to detect the pest within the regulated area will

be made at establishments where host material is sold, handled,
processed, stored, or moved. Establishments that might be
involved include airports, storage or store areas, landfill
sites, fruit stands, farmer's markets, produce markets, flea
markets, nurseries, and any other establishments that handle host
material.

The appropriate State manual and these New Pest Response
Guidelines identify chemicals authorized for vector control,
methods and rates of application, and any special application
instructions. Concurrence by the appropriate State regulatory
agency is necessary for the use of any other chemical or
procedure for regulatory purposes. If treatments selected or
proposed, including those listed in this New Pest Response
Guidelines, are not in compliance with current pesticide labels,
emergency exemptions will need to be obtained under Section 18,
or 24C, Special Local Need (SLN) of The Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA), as amended. Regulated
articles may be certified for movement after treatment.

Sanitation:

The removal and destruction of hosts and other material which may
be associated with the regulated items.

Steam Sterilization:

The use of steam as a treatment alone, to conveyances, storage,
or other holding areas to destroy any vectors present.

Cleaning:

The use of hot soapy water or quaternary ammorium compound as a
treatment to conveyances, storage or other holding areas, tools
or boots, or to host material to destroy any life stages of a
vector which may be present.

Fumigation:

The application of an approved fumigant (methyl bromide) as a
treatment alone, to hosts to destroy any vectcrs.

Hot Water:

The application of hot water at a specified temperature, as a
treatment alone, to hosts in order to destroy any vectors
present.

Ground Spray:

An approved insecticide/miticide or fungicide or biological
insecticide/miticide or fungicide applied to the above-ground
parts of nursery stock to destroy any insect, mite, or fungal
vectors present.
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Soil Treatment:

An approved systemic insecticide, miticide, or fungicide applied
to the soil on nursery stock to destroy any vectors present,
including any root feeding or soil borne vectors which may be
present.

Polymer Webs:

Sheets of polypropylene fleece covering herbaceous hosts,
especially crops and nursery plants in order to prevent feeding
by aerial vectors (Harrewijn, et al., 1991).

Certified Virus-Free Propagative Material:

The planting of certified virus-free progagative material in the
regulated area, away from infected localities.

For Fungal Vectors:

Disinfection or Fumigation of Tools and Boots:

All tools and boots that have come in contact with hosts or soil
must be disinfected before removal from any property where
survey, regulatory, control, or eradication work is conducted.
Equipment will be thoroughly washed with a quaternary ammonium
compound. Equipment must be washed on roadways or at the edges
of fields or plots, owing to phytotoxicity.

If an infected site is fumigated, this disinfection requirement
remains in effect until monitoring surveys determine that the
fumigation is successful. If the site is not fumigated, this
requirement remains in effect until the quarantine is lifted.

Disinfection of Vehicles:

If at all possible, vehicles should not be driven in fields,
orchards, or gardens that may be infected. Vehicles which have
come in contact with host plants or soil must be disinfected
before removal from any property where survey or regulatory work
is conducted. Portions of vehicles where soil is likely to
adhere, such as tires, wheel wells, and the bottom of the
chassis, should be washed thoroughly with quaternary ammonium.
For large pieces of equipment, a high pressure delivery system is
recommended to penetrate the soil and debris which may adhere to
them.

If an infected site is fumigated, this requirement remains in
effect until monitoring surveys determine the treatment is
successful. If the site is not fumigated, this requirement
remains in effect until the quarantine is lifted.

PRP
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Disinfection or Fumigation of Storage Sheds, Bins., and Cellars:

Any shed, bin, cellar, or other structure that may have been
contaminated with infected host material or contaminated with
soil or equipment will be drenched with a quaternary ammonium
compound or fumigated with methyl bromide. This requirement
remains in effect until the quarantine is lifted. May be
modified for household situations.

Prohibition on the Movement of Soil, Manure, Plant Parts, and
Other Objects Contaminated With Soil and Manure:

No soil, whether free or attached to plant parts or objects, or
manure will be removed from an infected property. This includes
soil adhering to tools, boots, and vehicles. This requirement
remains in effect until the quarantine is lifted.

Prohibition on the Movement of Root and Tuber Crops:

Root and tuber crops, and any below ground part of a host, will
not be removed from any property which is known to be infected,
unless they are moved under limited permit to an approved
processing facility. Note that only resistant host varieties, if
available, may be removed from infected properties for
processing. Compliance agreements will be designed to prevent
spread of contaminated soil during movement. This remains in
effect until the quarantine is lifted.

Prohibition on the Movement of Nursery Crops:

Nursery crops with adhering soil will not be removed from any
property which is known to be infected. This prohibition remains
in effect until the quarantine is lifted.

The following identifies principal activities necessary for
conducting a regulatory program to prevent the spread of a PotyV.
The extent of regulatory activity required is dependent on the
degree of infection. For example, to safeguard fruit stands
throughout the entire regulated area when these stands are only
engaged in local retail activity may not be necessary during a
localized and light infection. On the other hand, mandatory
checks of passenger baggage at airports and the judicious use of
road patrols and roadblocks may be necessary where general or
heavy infections occur.

Principal regulatory activities include:

1. Contacting and advising regulated industry of regulations
and required treatment procedures.

2. Issuing compliance agreements, certificates and permits.
3. Supervising, monitoring, and certifying treatments of host
material.
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This may (or may not), if determined by program managers or by a
technical committee to be practical, include the sampling of
commercial shipments from the regulated area for zero tolerance
for plant diseases; such as that given by:

PEA = e™

where PEA is the probability of erroneous acceptance of a
field, e is the base of natural logarithms, n is the sample
size, and p is the probability that a plant is diseased
(Clayton & Slack, 1988).

4. Conducting compliance inspections at regulated
establishments such as:

Nurseries

Fruit stands

Local growers, gardeners, and packers
Farmers, produce, and flea markets

Farm equipment and implement dealers

Farm and garden supply dealers

Commercial haulers of regulated articles
Public transportation officials

Post office contacts

Canneries and other processing establishments
. Storage locations (i.e., potato storage-Panayotou &
Katis, 1986; Bell, 1988)

Rl 0 FhO AL O T

5. Monitoring the movement of host material to landfills to
ensure adequate disposal of regulated articles.

6. Monitoring the destruction of regulated articles to
ensure adequate destruction of any life forms of the vector, and
thus the PotyV, which may be present.

7. Monitoring the movement of regulated articles through
airports and other transportation centers.

8. Observing major highway and quarantine boundaries for
movement of regulated articles.

9. Notifying homeowners near detection sites of applicable
regulations.

10. If applicible, monitoring to insure that only resistant
host varieties are planted within the regulated area.

11. If subsurface vectors are involved (some aphids, mites,
and fungi), supervising and monitoring the fumigation of all land
found to be infected and the subsequent assays of fumigation
effects.

PRP
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12. If fungal vectors are involved, supervising and monitoring
the disinfection and fumigation of tools, equipment, and
buildings that may have come in contact with infected host or
contaminated soil.

13. Visiting processing establishments, if present, in
regulated areas. If fungal or mite vectors zre involved,
sampling of sweepings from these establishmerits should be carried
out.

14, Monitoring sale and transfer of infected property to
insure that property users are aware of restrictions on land use.

Areas placed under regulation may be removed from quarantine
requirements after the PotyV has been declared eradicated.
Program management will identify areas to be removed when the
equivalent of 3 years has passed since the last pathogen
recovery. One year must have elapsed since the cessation of
control activities. A Notice of Quarantine Revocation will need
to be published when areas are removed from quarantine
requirements.

Only trained or experienced personnel will be used initially.
Replacement personnel will be trained by the individual being
replaced.

Records will be maintained as necessary to carry out an
effective, efficient, and responsible regulatory program.

Records may include:

Maps » .
Chronology of events/actions
Personnel movement

Treatment records
Regulatory activities
Meeting notes
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CONTROL PROCEDURES

As control procedures are developed, they will be made available to
involved States. There will be no Federal involvement in direct
control programs. If treatments selected or proposed are not in
compliance with current pesticide labels, an emergency exemption
will need to be obtained under Section 18, or 24C, special local
need (SLN), of FIFRA, as amended.

Eradication or suppression of a PotyV infection in the continental
United States may not be possible (Schoulties et al., 1987).
However, under some conditions, it may yet be feasible to eradicate
or control an infection. This has been demonst:rated for the
unrelated Potato Spindle Tuber Viroid (PSTV) on Prince Edward
Island. In this case, the infection had been severely limited and
reduced in size since the 1950’'s by a combination of planting of
high-quality viroid-free seed, application of seed certification
regulations, and the use of sensitive methods of testing to
prevent reintroduction of viroid in the crop. This program

was probably greatly assisted by the absence of a vector

for PSTV (Singh, et al., 1988).

More recently, a clean culture (suppression of infected host stock)
option management plan (E.6.c) was agreed to between the U.S.A. and
Canada for PVY" (Anon., 1993c¢c). Since this virus has a number of
endemic vectors, control may be more difficult, but this
arrangement should allow the continuation of commercial activities.

This option has its roots in the successful eradication of Pea
seed-borne mosaic virus (PSbMV) from the USDA Germ Plasm Collection
of Pisum sativum (peas), which also has vectors (Hampton, et al.,
1993).

The following provides approved procedures available for use in
most situations. These procedures include biological, mechanical,
and chemical controls. Local conditions will determine the most
acceptable procedure or combination of procedures to achieve
suppression, control, or eradication.

The treatments prescribed are predicated on an adequate survey.
The following list of pesticides is those given for these
treatments. However, newer treatments, pesticides, or other means
of control may be available at the time of a given program.
Therefore, at the initiation of a program, an evaluation will be
made of all available treatments, methods and insecticides/
miticides/fungicides for use on program operations.

Dimethoate 9. Dicrotophos 17. Abamectin
Immidacloprid 10. Monocrotophos 18. Quinalphos
Pirimicarb 11. Methyl bromide 19. Malathion
Diosulfoton 12. Acephate 20. Pyrethroids
CGA-215944 13. Mineral oils 21. Lambda-cyhalothrin
Cyromazine 14, Sulphur 22. Nicotine sulfate
Glyphosate 15. Safers soap 23. Chlorothalonil
Dithane 16. Mancozeb
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Selection of Program options may be selected through a decision-making process,

Options such as embodied in the Potyviridae decision table below.
And the viral
If the finds population And the hosts Then the
are: appears to be: are: option is:
Established in NO ACTION
a large, 4
contiguous area
Present in a Well
number of established, as
widely separate | measured by:
and discrete ® population
areas estimates >
® competition
® environment
OR
® climatological
considerations
Not well Large number Biological
established and of hosts over and cultural
population an extensive controls
estimates felt area
to be due to
Established in recent (within 1 Moderate Suppression,
a small year) number of cultural,
contiguous area | ggtablishment hosts over a and
well-defined biological
area controls
Present in only. Confined to a Control,
one or a few limited number | suppression,
closely of hosts and
separate and eradication
discrete areas
This decision table follows certain limited basic statements, and
can be considered generally true in a biological sense, provided no
other factors intervene. There are some underlying assumptions.
For example, it is assumed that the PotyV in question will be able
to survive in the same ecological and environmental circumstances
as its host(s).
No Action Factors involved in arriving at a decision of "No cooperative

program action" include the following:
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That the PotyV in question has firmly established itself in the
infested area and that:

1. No reasonable effort will be successful in eradicating it
(vs. a reasonable effort may be successful);
or

2. Regulatory and/or suppressive measures will not be worth
the cost, owing to the area involved and/or the rate of spread (vs.
affordable measures);

or

3. On the basis of measurable ecological factors, that the
PotyV will not be present in sufficient amounts in the environment
to warrant control or suppression efforts (vs. a serious threat);

or

4. Control of the PotyV is best left to normal cultural means
of virus control (such as host destruction) and other regulatory
resources utilized to find ways of controlling the spread and
effects of the disease (vs. an urgent need to augment natural
controls).

If any of these statements are not true, and the contrary is true
instead, then a decision to take "No Action" siaould be carefully
evaluated.

Various combinations of treatments to achieve a predetermined goal
for a specific program may be either eradication, suppression, or
control. This goal, and the strategies useful for eradication,
containment, or control will be determined by State and local
personnel and/or their technical advisory committees or equivalent
advisory boards.

The following is a list of suggested treatments that may be
applicable under certain conditions. The treatments selected
should be determined by State and local personnel concerned with a
given program and their Technical Advisory Comnittees or equivalent
Advisory Boards. Addendum 5 lists certain additional treatments
which may be available.

1. For control of Aphid Vectors

NOTE: Since vector specificity among the viruses appears to be the
exception, many aphid species may be capable of transmitting these
viruses. For that reason, noncolonizing aphids are often
implicated in the spread of a potyvirus in a given host. These
noncolonizing aphids may be the primary reason for spread of a
given potyvirus, since causal, probing contact during the
wanderings of migrant or transient alate aphids through a field or
grove of a given crop or other susceptible plaat species are all
that may be necessary for an epidemic (Klein & Wyatt, 1989).
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Should this appear to be the case in a given program, use of
pesticidal vector controls may not be of great value (Klein &
Wyatt, 1989).

In addition to the above, the use of insecticides in field
applications, other than certain of the synthetic pyrethrins which
have a quick knockdown effect, may actually increase the spread of
a virus. This may be due to scattering the vector population(s) as
a result of treatment.

In order to limit vector populations, and thus local viral spread,
it may be advisable to treat the area around the documented site of
the infection with persistent insecticides.

In view of the above, vector avoidance, cultural controls, and the
use of a clean culture option (E.6.c) should play as large a role
in program efforts as is possible.

a. Biological Insecticides

(1). Bacteria
(2). Viruses
(3). Nematodes

Items (1) to (3). Use commercial products listed for
the vector(s) or suspect vector(s) identified by the
program.

4). Fungi
(a). Vertalec
Agent: Verticillium lecanii

This has been discontinued by Novo Biokontrol in
the United States (Farm Chemicals, 1992).

Apply as per directions at the highest possible
rate given for that host. An exemption may be
needed for outside applications. Extremely toxic
to aphids and whiteflies (Rondon, et al., 1980).

(b). Cladosporium sp. (Samways & Grech,
1986)

Not available in the United States.

Apply 4 x 10® conidia per ml as a spray in water
with 0.1 percent Tween added as a wetting agent.
Use as a cover spray, paying particular care to
spray the shoots and the area immediately
surrounding them. Repeat every 2 weeks as
necessary.
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(c). Naturalis-L (Wright, 1992)
Agent: Beauveria bassiana strain ATCC 74040

Apply 2.3 x 107 conidia per ml as a spray in an
emulsifiable oil formulation. Use as a cover
spray at the highest possiblz rate given for that
host. Repeat every week as mnecessary. Excellent
activity against aphids and whiteflies.

(5). Juvenile Hormones
(a). Kinoprene (ZR - 777) (Anon., 1976)

Discontinued 1985 by Zoecon Clorp. (Farm
Chemicals, 1992)

Apply at a rate of 0.1 to 0.13 percent to hosts.
Extremely effective against homopterans.

b. Introduction of Exotic Natural Enemies.

This technique is carried out by USDA, ARS, and other
agencies and institutions. It is assumed that the PotyV
will be vectored by endemic, local aphids and the need here
would be to find exotic natural enemies to help suppress
the local population of these aphids.

c. Augmentation of Predators/Parasites in Infected
Area(s).

This technique is applied by mass rearing of the most
highly efficient parasites or predators for mass release in
infected areas. The use of Beneficial Insect Planes (BIP),
a type of model airplane controlled by radio, may be
utilized to release parasites with less mortality than with
conventional airplanes. Such craft can cover a 50 acre
field in 6-7 minutes (Anon., 1993b).

Commercially available predators in the United States whose
efficacy needs to be tested on aphids are:

(1). Aphelinus mali

A parasitoid of the wooly apple aphid and the black
citrus aphid (Stoezel, per. com.) among many others
(Farm Chem. Hand., 1992).

(2). Aphidoletes typhlocybae
A predatory midge which attacks all types of aphids
(Farm Chem. Hand., 1992).

(3). Chrysoperia carna and C. rufilabris
Two generalist predators (Farm Chem. Hand., 1992).
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08/94-01 5.5




Potyviridae Control Procedures

(4). Diaretiella rapae (For Grain Aphids)
A parasite (Farm Chem. Hand., 1992).

(5). Hippodamia convergens
A generalist predator (Farm Chem. Hand., 1992).

(6). Orius tristicolor
Predator of eggs, etc. (Farm Chem. Hand., 1992).

NOTE: Some care must be made in the selection of
predators, as these also may cause the prey population
to scatter, thus spreading the virus.

d. Conservation of Predators/Parasites

This treatment refers to the conservation of natural
enemies, native or introduced, through integrated
procedures with highly selective predator/parasite friendly
insecticides or techniques, biological insecticides, and
cultural practices favoring predators and parasites.

(1). Soil Treatment (Milne, 1977)

Apply a 40 percent emulsifiable concentrate of
Dimethoate at a rate of 0.1 m?. Alternatively, dilute
0.5 ml ai in 250 ml of water and pour around the base
of each individual plant. Repeat after 5-6 weeks.
This is particularly pertinent if root feeding aphids
(Panayotou & Katis, 1986) are present.

(2). Trunk Injection (Buitendag and Bronkhorst, 1980)

For woody hosts, trunk injection of selected
insecticides will effectively curtail the pest
population attacking an injected host, while protecting
the predator/parasite population, except those
individuals which may feed on or parasitize poisoned
pests.

This technique is effectively limited to backyard
situations or small areas, owning to its labor
intensive nature and expense. Herbaceous hosts cannot
be treated in this manner.

Materials
Dicrotophos or Monocrotophos 40 percent water soluble

concentrate 20 ml disposable plastic syringes. Drill
with 3.8 mm by 30 mm bit (minimum length).

PRP
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Procedure

Drill 3.8 mm by 25 mm deep holes in the host, following
the chart below.

Prepare a locking hole in the syringes. This is a
small hole drilled through and near the top of the
cylinder when the plunger is two-thirds of the way out.
The hole goes through both cylinder and plunger and is
large enough to permit a nail to pass completely
through the syringe.

Fill the syringe up to one third full (never more) with
the undiluted insecticide; then fill it up completely
with air.

The syringe is now ready for use. It is inserted with
a turning action into the hole prepared for it. The
air in it is then compressed with the plunger, which is
then held in position by passing the nail through the
locking hole.

Absorption takes only a few minutes. This process is
quicker when the hole is drilled through the
longitudinal ridges of the trunk.

If the trunk'’'s
diameter,
measuring 25 cm
above the

ground, is: Then, for each tree, you will need to use:

Less than 50 mm 1 syringe filled with 0.5 ml of insecticide

50 mm to 74 mm 2 syringes, each filled wich 1.25 ml of
insecticide

75 mm to 100 mm 4 syringes, each filled with 1 ml of insecticide

101 mm to 125 mm | 4 syringes, each filled with 1.25 ml of
insecticide

126 mm to 150 mm | 4 syringes, each filled wirh 2 ml of insecticide

151 mm to 174 mm | 6 syringes, each filled with 3 ml of insecticide

175 mm or more 6 syringes, each filled with 3.75 ml of
insecticide

NOTE: It will take approximately 2 minutes per person
to fill four syringes and attach tlem to the tree, and
only a few seconds to remove same, after absorption.

Treatment will be repeated every 4 - 6 weeks or
following the advice of an advisory panel.
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3). Band treatment (Buitendag & Bronkhorst, 1986)

This treatment, consisting of the free application of
insecticide to the tree trunk with a trunk applicator
or paint brush, is obviously less selective and
somewhat more likely to endanger a parasite/predator
population. However, the area of application is still
out of the way of most parasite/predator and prey
activity.

Materials
Dicrotophos (Azodrin 400 g/1)

Azodrin fork applicator (see Figure 9)
Azodrin brush applicator (see Figure 10)

PRP
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Figure 9: Azodrin trunk applicator for bearing trees (branch
applicator). A = Azodrin plastic container; B = air
inlet; € = 20 ml automatic syringe; D = 5 mm diameter
supply pipe; E = spray fork; F = tree trunk; G = 0.75
mm orifice; and H = 50 mm for small fork and 20 mm for
large fork

Figure 10: Azodrin trunk applicator for small trees (brush
applicator). A = Azodrin plastic container; B = air
inlet; C = stop valve; D = 5 mm diameter supply pipe;
and E = brush
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Procedure

Spray or brush the required amount of undiluted insecticide
as given in the chart below. Cover the trunk with a wet
band at the width given in the third column. Monthly
treatments will be required.

If the And the width of
circumference of Then the amount of | the Azodrin band
the trunk is: Azodrin needed is: | needs to be:
30-39 mm 0.1 ml 9 mm

40-49 mm 0.15 ml 13 mm

50-99 mm 0.3 ml 16 mm

100-149 mm 0.8 ml 32 mm

e. Enablement of Predators/Parasites

This treatment refers to augmenting the ability of
predators and parasites to attack the host with greater
efficiency or to be more tolerant of insecticides or other
practices through selective breeding of the most efficient
predators/parasites. Gene manipulation may also be
involved (Hoy, 1989, 1990; Caprio, et al., 1991). The
work of Marjorie Hoy (now at the Univ. of Florida,
Gainesville) in this area is instrumental to the concept
and she should be consulted in designing any enablement
program.

f. Ant Control

As an adjuvant to biological control options, ant control
measures may be required to prevent ants from protecting
aphids from parasites and predators. There are several
types of options, depending on the situation.
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(1). Backyard Hosts

Trees may be banded about 1 foot wide at the base of
the trunks with an appropriately raegistered insecticide
for ant control. The following insecticides are
recommended for this use in the United States
(Schwartz, 1982):

Bendiocarb  Carbaryl Chlorpyrifos  Dichlorvos
Diazinon Fenthion Lindane Malathion
Propoxur Pyrethrins Disulfoton Acephate

In Brazil, it is recommended that dimethoate be sprayed
on the trunk (Trevizoli & Gravena, 1978).

A recently developed South African control which avoids
phytotoxic burns to the trunk is given below.

Bidim-plus-Gladwrap® Band

A 4 inch wide strip of Bidim U24® (a polyester fiber)
is wrapped around the tree with an overlap of over an
inch. It is then covered in turn with a double layer,
6 inch strip of Gladwrap®. A 2 1/2 inch strip of
Formex® (a polybutene stickim) is then smeared over the
masking tape, but not on the Bidim (Samways & Tate,
1984).

This barrier has a half-life of 18 weeks under South
African conditions.

Hosts other than trees (such as soybeans) cannot be
treated directly, but ant mounds or nests on the
premises should be treated with an appropriately
registered insecticide for nest control.

(2). Commercial Hosts

Broadcast application of an appropriately registered
insecticide applied to the ground should be carried
out. Under certain limited situations where the acreage
is not too great, individual application to nests or
mounds where ants are a problem may be employed.

g. Insecticides

The following are effective against an array of pests,
including mites. Specifics are mentioned, where possible,
under each insecticide. The pyrethroids are also efficient
in controlling the spread of viruses, apparently because
the vectors are intoxicated particularly fast.

Intoxication results in feeding inhibition and flight
induction; two obvious features in the prevention of vector
inoculation.
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(1). Dimethoate

Apply only when host is in flush growth. Use as a
full-cover spray in water, taking care to wet flush
leaves. Do not use on rough lemon trees on non-budded
lemon stock (Hill, 1975).

NOTE: Broad spectrum insecticide.
(2). Immidacloprid

Apply whenever aphids are found as a foliar spray to
hosts at the highest rate given for that host, or
between 25 to 150 g/hectare a.i., at a biweekly rate
(Mullins, 1993).

NOTE: Narrow spectrum insecticide with unknown effect
on predators/parasites of aphids.

(3). Safers Soap

Apply whenever aphids are found as a foliar spray to
hosts at the highest rate given for that host. Repeat
every 2 weeks. This is a "safe" natural insecticide.

(4). Malathion

Apply whenever aphids are found as a foliar spray to
hosts at the highest rate given for that host. Repeat
every 2 weeks (Ware, 1980).

(5). Nicotine Sulfate

Apply whenever aphids are found as a foliar spray to
hosts at the highest rate given for that host (Ware,
1980). )

NOTE: Many aphids are resistent to nicotine sprays,
hence it may be necessary to observe and quantify the
effect on the target aphids.

(6). Disulfoton

Apply in granular form (i.e., DiSyston 15G) as a
broadcast application at the highest rate given for
that host or at the rate of 4.48 kg a.i./ha immediately
before transplanting (Pirone, et al., 1988).

NOTE: This is a wide-spectrum systemic insecticide
effective against both mites and insects. To be used
in conjunction with (7). below (Pirone, et al., 1988).
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(7). Acephate

Apply as a foliar spray (ie, Orthene® 75 percent EC) at
the highest rate given for that host or at the rate of
0.84 Kg ai/ha at approximately 2 week intervals, or
more often if aphid colonies are evident (Pirone, et
al., 1988).

NOTE: This is a broad-spectrum insecticide effective
against aphids, whiteflies, and other insects.

(8). Quinalphos

Apply whenever aphids are found as a foliar spray to
hosts at the highest rate given for that host (Shevale,
1987).

NOTE: Wide-spectrum insecticide with unknown effects
on parasites and predators of aphids.

(9). Pirimicarb

Apply whenever aphids are found as a foliar spray to
hosts at the highest rate given for that host. In
Brazil, this rate is 0.025 kgm ai/l000 citrus trees.

NOTE: Relatively selective insecticide which spares
some of the predators, vis, Chrysopa sp. and Cycloneda
sanguinea in Brazil. Used in an integrated control
program with dimethoate sprayed on the tree trunks to
control ants (see 6.a. below) (Portillo, 1975;
Trevizoli & Gravena, 1979).

(10). Lambda-Cyhalothrin

Apply whenever aphids are found as a foliar spray to
hosts at the highest rate given for that host. 1In
England, this rate is 7.5 gm ai/ha on potatoes for
control of both vector and PVY (Perrin & Gibson, 1985).

NOTE: Effective against many insect pests and mites.
(11). CGA-215944

Apply whenever aphids are found as a foliar spray to
hosts at the highest rate given for that host. A novel
and still experimental insecticide in a new class.

Very selective for aphids and whiteflies, but
relatively nontoxic to mites. It is, however, also
relatively nontoxic to predators of aphids and
whileflies. About four times as effective as
Primicarb. This insecticide may nct yet be registered
in the United States (Fluckiger, et al., 1992).
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h. Mineral 0Oils

Mineral oils appear to interfere with the transmission of
nonpersistent plant viruses by aphids. While not
completely understood, the oil seems to interfere with the
attachment or removal of virus particles from aphid
mouthparts (Lowery et al., 1990; Qiu & Pirone, 1989). 1In
combination with an insecticide, especially a pyrethroid,
and a whitewash, very effective (Lowery, et al., 1990).
The following are suggested oils:

Sunoco Sunspray 6 E® (Lowery et al., 1990)
Sunoco Sunspray 7 E6 V@ (Makkouk & Menassa, 1985)
Bayol 52@ (Gibson & Rice, 1986)
scglile (Gibson & Rice, 1986)
Luxan 0il H® (Asjes, 1991)

Duphar-7E 0il® (Asjes, 1991)

JMS Stylet 0il® (Qiu & Pirone, 1989)

Suggested application times: weekly
i. Cultural Control
(1). Sticky Ribbons

Sticky plastic ribbons (yellow) for control of (among
other pests), aphids (Farm Chem. Hand., 1992).

(2). Yellow Sticky Strips/Traps

Plastic yellow sheets coated with an insect trapping
compound for control of aphids (Farm Chem. Hand.).
These are larger sheets used for mass trapping to
impact the pest population, such as Chroma-line Bright®
Yellow No. 611-L or Reuter Laboratory Sticky Bars®,
item no. 142.

(3). Polymer Webs

Polymer webs laid over crops may decrease the number of
aphids present, especially of apterous aphids. See
6.b. (Berlinger, et al., 1988).

(4). Whitewash

Whitewash is another reflective material which repels
aphids. This property deters aphids from alighting on
the treated hosts, thereby reducing spread of the
virus. Whitewash (a water-soluble latex), applied at a
weekly rate, has been able to reduce the incidence of
PotyY by 68 percent on its own. However, it reduces
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potato yields by 30 percent. This Is in contrast to
increased yields noticed in rutabagas (15 - 30
percent), cotton, and artichokes. Combinations with
insecticides and oils provide the most effective means
of control (Lowery, et al., 1990).

(5). Water Spray

Application of a strong jet of water spray to dislodge
and injure as many aphids as is possible. Work all
around the host plant, if possible, directing the spray
at tender flush where aphids will most likely be found.
(see Shevale, et al., 1987; Samways & Grech, 1986; for
examples of the effectiveness of water sprays)

A nontoxic liquid soap could be added to the water to
increase its effectiveness, but no studies have been
carried out on the effectiveness of this technique.
Soap dilutions have long been used Zor control of soft-
bodied insects, such as aphids (Ware, 1980) and Safer®
soap or Ivory® soap works well (Barnett, pers. comm.).
However, some studies seem to conclude that such
applications have to be applied so rFrequently as to be
impractical and could injure the plant (Koehler, et
al., 1983). Hence, it may be necessary to test the
effectiveness of a given treatment under program
conditions.

(6). Bug Vacuum

The use of an industrial vacuum to remove insect pests
from crops. This technique would seem to work best
with low canopy herbaceous hosts such as vegetables,
though no comparative studies appear to have been done
with woody hosts.

A commercial vacuum such as the Beet:le Eater® (Thomas
Equipment Ltd., Centreville, New Brunswick) or the Bug
Beater® (Sukup Manufacturing Co., Sheffield, Iowa) may
be employed. All aphid hosts in the area around an
infection of the virus, both commercially grown and
wild, should be vacuumed several times. Use of this
equipment apparently does not spread the virus in the
area through mechanical means (Boiteau, et al., 1992).

(7). Host Destruction

See 6.c. (page 5.25). Direct destruction of all vector
hosts in the area around an infection of the virus,
including wild and domesticated hosts that support
aphid vector populations, in order to reduce aphid
presence in the area as much as possible (Ullman, et
al., 1991). Rigorous weed control/destruction should
be practiced, where possible, especilally where wild
hosts are involved (Jones, 1991).
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(8). Vector Avoidance

If the vector(s) is present only at certain times of
the year, it may be possible to schedule commercial
plantings at times when the vector is not present,
especially if in greenhouse situations during
unseasonable weather conditions (Klein & Wyatt, 1989).

The destruction of host around an area as given in
1.1.(7). (page 5.15) could also be considered as a form
of vector avoidance.

Reflective mulches, consisting of aluminium foil,
aluminium coated paper or aluminium painted polythene
sheeting may be placed between rows of host or around
the base of host plants to repel the majority (about 96
percent) of incoming aphid vectors and thus to cut down
on the spread of any virus present (Jones, 1991).

A possible negative side to the above treatments that
must be carefully considered is that the aphids may go
elsewhere, so that aside from host protection,
suppression, or eradication of the virus is not
achieved and it could be spread if careful planning in
conjunction with other control measures is not carried
out.

2. For Control of Whitefly Vectors

For chemical controls, see applicable insecticide applications
under 1l.g. (page 5.11) and 1.h. (page 5.14)

a. Sugar Esters

Certain esters produced by leaf hairs on the surface of
tobacco leaves are toxic to whiteflies and environmentally
safe for use as insecticides. Under development. Contact:

Horicultural Crops Quality Laboratory, Beltsville, MD;
J. George Buta - (301) 505-5598 or;

Florist & Nursery Crops Laboratory

John W. Neal, Jr. - (301) 504-9159

(Anon., 1993a)

b. Polymer Webs
The use of polymer webs may result in fewer whiteflies.

See 6.b. (page 5.24). This technique is especially
effective in greenhouses (Berlinger, et al., 1988).
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c. Mulches

The use of a yellow mulch to attract whiteflies and which
kills them by the heat generated in the mulch (Cohen,
1984) .

d. Cultural Control
(1). Yellow Sticky Strips/Traps

Plastic yellow sheets coated with an insect trapping
compound for control of aphids (Farm Chem. Hand.). These
are larger sheets used for mass trapping to impact the pest
population, such as Chroma-line Bright Yellow® No. 611-L or
Reuter Laboratory Sticky Bars®, item no. 142.

(2). Bug Vacuum

The use of an industrial vacuum to remove insect pests
from crops. This technique would seem to work best
with low canopy herbaceous hosts such as vegetables,
though no comparative studies appear to have been done
with woody hosts.

A commercial vacuum such as the Beetle Eater® (Thomas
Equipment Ltd., Centreville, New Brunswick) or the Bug
Beater® (Sukup Manufacturing Co., Sheffield, Iowa) may
be employed. All whitefly hosts in the area around an
infection of the virus, both commercially grown and
wild, should be vacuumed several times. Use of this
equipment apparently does not spreacd the virus in the
area through mechanical means (Anon., 1990; Boiteau, et
al., 1992).

(3). Host Destruction

See 6.c. (page 5.25). Direct destruction of all vector
hosts in the area around an infection of the virus,
including wild and domesticated hostis that support
whitefly vector populations, in order to reduce
whitefly presence in the area as much as is possible.
Rigorous weed control/destruction should be practiced,
where possible, especially where wild hosts are
involved. (Jones, 1991)

e. Vector Avoidance

If the vector(s) is present only at certain times of the
year, it may be possible to schedule commercial plantings
at times when the vector is not present, especially if in
greenhouse situations during unseasonable weather
conditions (Klein & Wyatt, 1989).
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The destruction of host around an area as given in 2.d.
(page 5.17) could also be considered as a form of vector
avoidance.

3. For Control of Mite Vectors

For chemical controls, see applicable insecticide applications
under 1l.g. (page 5.11) and 1.h. (page 5.15).

a. Sulphur

Dusting sulphur may be used to control mites at the rates
recommended for a given host. This technique has the
advantage of being compatible with predatory mites.
(Berlinger, et al., 1988).

b. Predatory Mites

If available, predatory mites may be acquired and released
on hosts in high concentrations. May be used in
conjunction with 3.a. (this page) (Berlinger, et al.,
1988).

c. Cultural Control

See 6.c. (page 5.25). Direct destruction of all mite hosts
in the area around an infection of the virus, including
wild and domesticated hosts that support mite vector
populations, in order to reduce mite presence in the area
as much as possible. Rigorous weed control/destruction
should be practiced, where possible, especially where wild
hosts are involved (Jones, 1991).

d. Vector Avoidance

If the vector(s) is present only at certain times of the
year, it may be possible to schedule commercial plantings
at times when the vector is not present, especially if in
greenhouse situations during unseasonable weather
conditions (Klein & Wyatt, 1989).

The destruction of host around an area as given in 3.c.
(this page) could also be considered as a form of vector
avoidance.

4. For Control of Fungal Vectors

When local conditions permit and landowners or operators opt for
chemical control, methyl bromide should be the eradicant of choice
for soil borne fungi. If fumigation is not chosen, the infected
area will be taken out of production of host crops and other
eradicants will be applied. Under certain conditions, resistant
varieties may be grown in the infected area.
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a. Methyl Bromide

The control, suppression, or eradication of a soil borne
fungal vector requires that several treatments be used.

The following sequence will be appropriate for most
outbreaks in commercial fields when methyl bromide is used.
As indicated, some of the treatments are necessary until
fumigation, and others are necessary for a longer period
until the quarantine is lifted.

(1). Destruction of Current Crop

If the virus is detected early during the growing
season, then all host plants at and contiguous to the
site where the find was made will be treated with
glyphosate or a similar compound at the labeled rate.
After 10 to 14 days, or when the plants are dead, all
parts of these plants will be burned in place, removed
and incinerated, autoclaved, or buried in landfills at
an approved location. It is essential to take
precautions to avoid contamination of other areas when
plants are removed from the site.

(2). Destruction of Infected Host After Harvest

If the virus is detected after harvest, all remaining
host and host plant parts on the known infected
property will be collected. 